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(54) Sensing apparatus comprising a sensing unit supported by a supporting unit and electronic
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(57) A sensing apparatus comprises a sensing unit
(27,50,57) and a supporting unit (26,43,61). The sens-
ing unit detects a direction and an amount of physical
quantity applied thereto. The sensing unit has a detec-
tion reference axis (G) along which the direction and the
amount of the physical quantity are detected. The sup-
porting unit stationarily supports the sensing unit. The

sensing unit is inclined relative to the supporting unit by
a predetermined angle so that a difference in angle be-
tween the detection reference axis and the direction of
the physical quantity actually applied to the sensing unit
when detecting the direction and the amount of the
physical quantity is minimized.
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Description

[0001] The present invention relates to a sensing ap-
paratus and a movable body-mountable electronic
equipment utilizing such an apparatus, and particularly
to the sensing apparatus for detecting physical quantity
having a direction, such as acceleration and the elec-
tronic equipment, which utilizes such a sensing appara-
tus and is to be mounted on a movable body such as a
vehicle.
[0002] There has recently been widely available an
apparatus for detecting the current position of a vehicle
to facilitate movement of the vehicle, i.e., a co-called
navigation apparatus.
[0003] The conventional navigation apparatus utilizes
a co-called GPS (Global Positioning System) as well as
another system for independently obtaining the
traveling direction and distance of the vehicle from a pre-
determined reference point (more specifically, the start-
ing point from which the vehicle travels), so as to detect
the current position of the vehicle.
[0004] Many of the conventional navigation apparatus
is provided with a gyro-sensor and an accelerometer for
detecting acceleration applied to the vehicle, in order to
obtain the current position, traveling direction and/or
change in velocity of the vehicle with the use of the
above-mentioned system for independently obtaining
the current position thereof.
[0005] The conventional sensor such as the gyro-sen-
sor and accelerometer has a detection reference axis
along which the direction and amount of acceleration
are detected. In actual cases, such a detection refer-
ence axis is provided in the form of a physical element
or an imaginary element, taking into consideration the
direction of acceleration to be detected by means of the
sensor. The positional determination of such a detection
reference axis relative to the sensor is made without tak-
ing into consideration a possibility that the navigation
apparatus in which the sensor is mounted, may not be
disposed on a horizontal plane. More specifically, these
sensors having the predetermined characteristic fea-
tures are mounted on the navigation apparatus, on the
assumption that the respective detection reference axes
are in parallel with a ground on which the vehicle drives.
In such a case, the navigation apparatus is disposed on
the vehicle so as to be also in parallel with the ground.
[0006] On the other hand, miniaturization of the nav-
igation apparatus has recently advanced, thus making
it possible to dispose in a central console of the vehicle.
[0007] With respect to an operation for disposing the
navigation apparatus in the central console, in many
cases, the navigation apparatus is placed so that the
front surface of an operation panel of the navigation ap-
paratus, on which a display unit and operation switches
such as buttons are placed, is inclined relative to the
vertical direction so as to face upward, in view of im-
provement in viewability of the display unit and opera-
bility of the switches. In case where the navigation ap-

paratus is place on or under the other audio apparatus
in the central console, the navigation apparatus is usu-
ally disposed so that the front surface of the operation
panel is inclined relative to the vertical direction so as
to face upward. Such a positional relationship can be
achieved by mounting the navigation apparatus in itself
in the central console in a tilted state (more specifically,
so that the rear side of the navigation apparatus (which
is the front side in the traveling direction of the vehicle)
is placed lower than the front side thereof.
[0008] The switches such as the buttons of the navi-
gation apparatus is usually operated with lower frequen-
cy than those of the other audio apparatus. Such a ten-
dency may lead to a situation that the navigation appa-
ratus is placed under the other audio apparatus in the
central console. As a result, there may be a case where
the inclination angle of the navigation apparatus as
mounted relative to the horizontal plane becomes ex-
cessively large (more specifically, over the allowable an-
gle (for example, 30 degree) as described later.
[0009] In the above-described case, the direction of
the detection reference axis of the sensor greatly devi-
ates from the direction of acceleration actually applied
to the sensor during an actual detection (i.e., the hori-
zontal direction), thus causing an error such as offset in
sensitivity of the sensor. As a result, there occur prob-
lems of deterioration of accuracy of positioning the cur-
rent position and velocity of the vehicle.
[0010] Now, such problems will be described more in
detail with reference to FIG. 8. FIG. 8 is a descriptive
view illustrating the central console 102 in which the
navigation apparatus 100 provided with the accelerom-
eter 101 is mounted.
[0011] When the navigation apparatus 100 is inclined
relative to the horizontal plane so that the operation pan-
el 103 faces upward so as to be fitted into a receiving
space of the central console 102, as shown in FIG. 8,
the detection reference axis "G" of the accelerometer
101 is also inclined relative to the horizontal plane by
the mounting angle "Θ" of the navigation apparatus 100
in accordance with the inclination thereof.
[0012] If the assumption is made that the vehicle
drives forward to move rightward in FIG. 8, the acceler-
ation actually applied to the navigation apparatus 100
during such a forward movement can be expressed by
"Ax" having the opposite directional component to the
forward movement.
[0013] When the acceleration "Ax" actually applied to
the navigation apparatus 100 is detected by means of
the accelerometer 101 having the detection reference
axis, which is inclined by the mounting angle "Θ" of the
navigation apparatus 100, the accelerometer 101 out-
puts the acceleration "Gx (Gx=cosΘ3Ax)" as the detec-
tion result, which has the smaller value than the actually
applied acceleration "Ax".
[0014] On the other hand, acceleration vertically and
upwardly applied to the navigation apparatus 100 (i.e.,
the vertically and upwardly applied thereto due to vibra-
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tion of the vehicle and an impactive force from the
ground) can be expressed by the acceleration "Az",
which is perpendicular to the above-mentioned acceler-
ation "Ax".
[0015] When the acceleration "Az" actually applied to
the navigation apparatus 100 is detected by means of
the accelerometer 101 in the same manner as the ac-
celeration "Az", the accelerometer 101 outputs the ac-
celeration "Gz (Gz=sinΘ3Az)" as the detection result,
which is the sine element of the actually applied accel-
eration "Az".
[0016] The acceleration "At", which is detected
through vector sum of the accelerations "Gx" and "Gz"
as mentioned above by the accelerometer 101, can be
expressed by the following formula:

The resultant acceleration "At" differs from the acceler-
ation "Ax" to be actually detected. Such a difference
causes an error, which deteriorates accuracy of posi-
tioning the current position of the vehicle. As the mount-
ing angle "Θ" of the navigation apparatus 100 increases,
a tendency that the acceleration "Ax" to be actually de-
tected is more remarkably influenced by the vertical ac-
celeration "Az", rather than the acceleration "Ax" in the
traveling direction of the vehicle, becomes more remark-
able, thus leading to a noticeable error.
[0017] The conventional navigation apparatus has re-
cently made a correction of the detection results ob-
tained by the accelerometer or the gyro-sensor through
a processing operation based on software for correcting
the error. In addition, there has also been adopted a sys-
tem for improving the accuracy of correction through a
continuous learning process along with the movement
of the vehicle.
[0018] However, the error correction carried out by the
above-mentioned processing operation does not pro-
vide sufficient correcting effects, immediately after the
navigation apparatus is mounted on the vehicle, thus
causing a problem.
[0019] In addition, even when the error correction is
carried out utilizing the software for correcting the error,
an increased mounting angle "Θ" (for example, exceed-
ing 30 degrees) may be outside the range of allowable
angle, which has been predetermined for the sensor,
thus also causing a problem.
[0020] It is conceivable to dispose the sensor in the
navigation apparatus in the manufacturing process so
that the above-mentioned mounting angle is decreased,
thus avoiding the error of positioning due to the above-
mentioned mounting angle. In such a case, it is neces-
sary to dispose the sensor in the navigation apparatus
so as to be inclined in a predetermined direction through
specific measures or structural components, for the pur-
pose of avoiding the above-mentioned error. Conse-
quently, this leads to increased cost for manufacturing

At = Gx + Gz = cosΘ 3 Ax + sinΘ 3 Az

the navigation apparatus and reduction in yields.
[0021] In addition, disposing the sensor in the naviga-
tion apparatus so as to be inclined may hinder an effec-
tive use of the limited space in the casing of the naviga-
tion apparatus. Giving a higher priority to the above-
mentioned measures to avoid the error may have an in-
fluence on the size of the navigation apparatus.
[0022] An object of the present invention, which was
made to solve the above-mentioned problems, is there-
fore to provide a sensing apparatus, which detects ac-
celeration applied to a vehicle, without causing an error
of positioning due to the above-mentioned mounting an-
gle, thus avoiding the problems of increased cost for
manufacturing the navigation apparatus and reduction
in yields, on the one hand, and an electronic equipment
to be mounted on a movable body, which utilizes such
a sensing apparatus.
[0023] In order to attain the aforementioned object,
the sensing apparatus of the first aspect of the present
invention comprises:

a sensing unit for detecting a direction and an
amount of physical quantity applied thereto, said
sensing unit having a detection reference axis along
which the direction and the amount of the physical
quantity are detected; and
a supporting unit for stationarily supporting said
sensing unit;

wherein:

said sensing unit is inclined relative to said support-
ing unit by an angle, said angle being predeter-
mined so that a difference in angle between said
detection reference axis and the direction of said
physical quantity actually applied to said sensing
unit when detecting the direction and the amount of
said physical quantity is minimized.

[0024] Here, the sensing unit is inclined clockwise or
counterclockwise relative to the direction of the physical
quantity on a plane including the direction of the physical
quantity.
[0025] Securing the sensing unit on the supporting
unit so that the above-mentioned difference in angle is
minimized makes it possible to accurately detect the
amount and direction of the physical quantity.
[0026] In case where the detected results from the
sensing apparatus is subjected to an optional correction
operation such as a processing operation to provide
more accurate results, the range of possible error to be
corrected is remarkably expanded, since the above-
mentioned difference in angle is minimized in the sens-
ing apparatus in itself.
[0027] In addition, it is possible to amount the sensing
apparatus on an electronic equipment in the same man-
ner as the conventional measures or through the con-
ventional fitting elements during the manufacture of
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such an electronic equipment, without taking into con-
sideration any measures to reduce the above-men-
tioned difference in angle. As a result, an effective use
of the limited space in the casing of the electronic equip-
ment can be ensured, the manufacturing cost can be
decreased and the yields can be improved.
[0028] In the second aspect of the present invention,
there may be adopted a structure in which said support-
ing unit comprises a base member and a mounting
member secured to said base member; and said sens-
ing unit is mounted on said mounting member.
[0029] The above-mentioned difference in angle is
minimized by connection of the mounting member,
which is placed between the sensing unit and the base
member, with the sensing unit, thus making it possible
to accurately detect the physical quantity in a simple
structure. In addition, with respect to the other structural
components than the above, there can be used the cor-
responding same components in the conventional sens-
ing apparatus, thus making it possible to decrease the
manufacturing cost and improve the yields.
[0030] In the third aspect of the present invention,
there may be adopted a structure in which said mounting
member has a slit formed therein; said sensing unit has
a counter-slit formed therein; and said sensing unit is
mounted on said mounting member so that said coun-
ter-slit of said sensing unit engages with said slit of said
mounting member.
[0031] Merely forming the slit in the mounting member
so as to incline to the predetermined direction, by which
the above-mentioned difference in angle can be mini-
mized, makes it possible to support the sensing unit on
the mounting member in an appropriate manner, thus
reducing the manufacturing cost of the sensing appara-
tus.
[0032] The structure in which the counter-slit of the
sensing unit engages with the slit of the mounting mem-
ber ensures an appropriate mounting state of the sens-
ing unit on the mounting member, thus making it possi-
ble to manufacture the sensing apparatus in simple
manufacturing processes.
[0033] In the fourth aspect of the present invention,
there may be adopted a structure in which said sensing
unit comprises a plurality of detection discs disposed in
parallel with each other and a supporting shaft passing
through a center of each of said detection discs to sup-
port said detection discs thereon, said supporting shaft
serving as said detection reference axis; and said sup-
porting shaft is secured to said supporting unit.
[0034] The sensing unit includes the supporting shaft,
which is inclined so that the above-mentioned difference
in angle is minimized. It is therefore possible to accu-
rately detect physical quantity in a simple structure,
even when the sensing unit further includes the detec-
tion discs supported on the supporting shaft, thus per-
mitting reduction in the manufacturing cost and improve-
ment in yields.
[0035] In the fifth aspect of the present invention,

there may be adopted a structure in which said detection
discs comprises a stationary electrode, which is station-
arily supported on said supporting shaft and a pair of
movable electrodes, which are supported on said sup-
porting shaft on opposite sides of said stationary elec-
trode so as to be movable in a direction of said support-
ing shaft.
[0036] Such a structure provides an accurate detec-
tion of physical quantity in a simple manner, thus per-
mitting reduction in the manufacturing cost and improve-
ment in yields.
[0037] Further, in order to attain the aforementioned
object, the electronic equipment of the sixth aspect of
the present invention comprises:

a main body; and
a sensing apparatus provided in said main body,
said sensing apparatus comprising (i) a sensing unit
for detecting a direction and an amount of physical
quantity applied thereto, said sensing unit having a
detection reference axis along which the direction
and the amount of the physical quantity are detect-
ed; and (ii) a supporting unit for stationarily support-
ing said sensing unit;

wherein:

said sensing unit is inclined relative to said support-
ing unit by an angle, said angle being predeter-
mined so that a difference in angle between said
detection reference axis and the direction of said
physical quantity actually applied to said sensing
unit when detecting the direction and the amount of
said physical quantity is minimized.

[0038] The sensing unit is inclined so that the above-
mentioned difference in angle is minimized, taking into
consideration a mounting angle, by which the electronic
equipment including the sensing unit is mounted on the
movable body, thus enabling the sensing unit in the elec-
tronic equipment to detect accurately the direction and
amount of physical quantity. In addition, the sensing ap-
paratus per se has a structure in which the above-men-
tioned difference in angle is minimized, without need to
provide independently any mechanism for inclining the
sensing apparatus in itself. The above-mentioned struc-
ture has no influence on the effective use of the limited
space in the electronic equipment, which is mountable
on the movable body, thus permitting reduction in the
manufacturing cost of the electronic equipment and im-
provement in yields.
[0039] The seventh to tenth aspects of the present in-
vention has the same features as those of the above-
mentioned second to fifth aspects of the present inven-
tion.
[0040] In the Drawings:

FIG. 1 is a partial perspective view of a room of an
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automobile, illustrating a central console in which a
navigation apparatus utilizing a sensing apparatus
of the first embodiment of the present invention;
FIG. 2(a) is a perspective view illustrating an angu-
lar velocity sensor serving as a sensing unit of the
sensing apparatus of the first embodiment of the
present invention and FIG. 2(b) is a side view of the
angular velocity sensor as shown in FIG. 2(a);
FIG. 3(a) is a perspective view illustrating the inter-
nal structure of the angular velocity sensor used in
the first embodiment of the present invention, FIG.
3(b) is a front view of the angular velocity sensor,
viewed in a direction "X" as shown in FIG. 3(a), FIG.
3(c) is a side view of the angular velocity sensor,
viewed in a direction "Y" as shown in FIG. 3(a), FIG.
3(d) is a perspective view of a sensing element
serving as the sensing unit and FIG. 3(e) is a per-
spective view of a mounting member serving as a
support unit;
FIG. 4 (a) is a perspective view illustrating the an-
gular velocity sensor used in the second embodi-
ment of the present invention, FIG. 4(b) is a rear
view of the angular velocity sensor, viewed in a di-
rection "X" as shown in FIG. 4(a) and FIG. 4(c) is a
side view of the angular velocity sensor, viewed in
a direction "Y" as shown in FIG. 4(a);
FIG. 5(a) is a perspective view illustrating the inter-
nal structure of the angular velocity sensor used in
the second embodiment of the present invention,
FIG. 5(b) is a side view of the angular velocity sen-
sor, viewed in a direction "X" as shown in FIG. 5(a)
and FIG. 5(c) is a rear view of the angular velocity
sensor, viewed in a direction "Y" as shown in FIG.
5(a);
FIG. 6(a) is a perspective view illustrating a chip
sensor serving as the sensing unit used in the third
embodiment of the present invention, FIG. 6(b) is a
side view of the chip sensor, viewed in a direction
"X" as shown in FIG. 6(a) and FIG. 6(c) is a rear
view of the chip sensor, viewed in a direction "Y" as
shown in FIG. 6(a);
FIG. 7 is a view illustrating the internal structure of
the chip sensor of the third embodiment of the
present invention; and
FIG 8 is a descriptive view illustrating the conven-
tional sensing apparatus.

[0041] Now, embodiments of a sensing apparatus
and a movable body-mountable electronic equipment of
the present invention will be described in detail below
with reference to the accompanying drawings.
[0042] There are described below the embodiments
in which the present invention is applied to the sensing
apparatus secured in the navigation apparatus serving
as the electronic equipment that is mounted on a vehicle
to provide a navigating effect.

[ I ] FIRST EMBODIMENT

[0043] Now, description will be given of the first em-
bodiment of the present invention with reference to
FIGS. 1 to 3(e).
[0044] In the first embodiment, the present invention
is applied to a gyro-sensor (angular velocity sensor) for
detecting angular velocity applied to a vehicle, when
turning to the right or left.
[0045] FIG. 1 is a partial perspective view of a room
of an automobile, illustrating a central console in which
a navigation apparatus utilizing a sensing apparatus of
the first embodiment of the present invention. FIG. 2(a)
is a perspective view illustrating an angular velocity sen-
sor serving as a sensing unit of the sensing apparatus
of the first embodiment of the present invention and FIG.
2(b) is a side view of the angular velocity sensor as
shown in FIG. 2(a). FIG. 3(a) is a perspective view illus-
trating the internal structure of the angular velocity sen-
sor used in the first embodiment of the present inven-
tion, FIG. 3(b) is a front view of the angular velocity sen-
sor, viewed in a direction "X" as shown in FIG. 3(a), FIG.
3(c) is a side view of the angular velocity sensor, viewed
in a direction "Y" as shown in FIG. 3(a), FIG. 3(d) is a
perspective view of a sensing element serving as the
sensing unit and FIG. 3(e) is a perspective view of a
mounting member serving as a support unit.
[0046] The navigation apparatus 1 according to the
first embodiment of the present invention is mounted in
the lower position of the central consol 102, which is lo-
cated in the front side of the room of the vehicle "C", so
that an operation panel 2 of the navigation apparatus 1
is exposed in the vehicle room.
[0047] A retractable display "D" serving as a display
unit, which is used in a navigation processing as carried
out by the navigation apparatus 1, is disposed through
a support member above the navigation apparatus 1 in
the upper portion of the central consol 102.
[0048] The navigation apparatus 1 is mounted in an
inclined state relative to the horizontal plane including
the traveling direction of the vehicle "C" so that the rear
side (which is the front side in the traveling direction of
the vehicle), which is deeply inserted into the central
console, is placed lower than the front side thereof, as
shown in FIG. 1. The operation panel 2 of the navigation
apparatus 1 is directed obliquely upward to an operator
in this manner, so as to improve operability of the oper-
ation panel 2.
[0049] Now, description will be given below of a struc-
ture of the angular velocity sensor provided in the nav-
igation apparatus 1 according to the first embodiment of
the present invention, with reference to FIGS. 2(a) to 3
(e). In the first embodiment, the gyro-sensor utilizing a
tuning fork-type piezoelectric element is used as the an-
gular velocity sensor.
[0050] As shown in FIG. 2(a), the angular velocity
sensor 10 according to the first embodiment of the
present invention has a rectangular parallelepiped

7 8



EP 1 335 186 A1

6

5

10

15

20

25

30

35

40

45

50

55

shape, which is defied by a casing 11 and a side plate
12 serving as the base member. The side plate 12 has
connection terminals 13 formed thereon, which are con-
nected to an internal circuit enclosed in the side plate
12 and the casing 11. The angular velocity sensor 10 is
supported on a holder 14. The holder 14 is provided on
its lower side with legs 15, which are fixed to a base
plate 20 described later of the apparatus.
[0051] The above-mentioned connection terminals 13
are electrically connected to holder terminals 16 through
a printed circuit (not shown), which is held between the
holder 14 and the side plate 12. Consequently, the con-
nection terminals 13 are electrically connected to the
base plate 20 of the apparatus through the holder ter-
minals 16.
[0052] Now, description will be given below of a
mounting state of the angular velocity sensor 10 on the
navigation apparatus 1, with reference to FIG. 2(b). FIG.
2(b) is a side view illustrating a mounting state of the
angular velocity sensor 10, viewed in the direction
shown by a double-lined arrow in FIG. 2(a).
[0053] As shown in FIG. 2(b), the angular velocity
sensor 10 is vertically fixed, at its legs 15, on the base
plate 20 of the apparatus, which is secured parallelly on
the bottom of a casing 21 of the navigation apparatus 1.
The internal circuit of the angular velocity sensor 10 and
the base plate 20 of the apparatus are electrically con-
nected to each other through the above-mentioned
holder terminals 16.
[0054] Now, the internal structure of the angular ve-
locity sensor 10 will be described with reference to
FIGS. 3(a) to 3(e). FIG. 3(a) is a perspective view illus-
trating the internal structure of the angular velocity sen-
sor 10 from which the casing 11 is removed, FIG. 3(b)
is a front view of the angular velocity sensor 10, viewed
in a direction "X" as shown in FIG. 3(a), FIG. 3(c) is a
side view of the angular velocity sensor 10, viewed in a
direction "Y" as shown in FIG. 3(a), FIG. 3(d) is a per-
spective view of a sensing element 27 serving as the
sensing unit and FIG. 3(e) is a perspective view of a
mounting member 26 serving as a support unit.
[0055] As shown in FIGS. 3(a) to 3(e), the turning fork-
type sensing element 27 serving as the sensing unit, for
detecting the direction and amount of angular velocity
actually applied to the vehicle "C" is supported by the
mounting member 26 serving as the supporting unit, in
the inside of the angular velocity sensor 10. The mount-
ing member 26 is fixed on the side plate 12. The direc-
tion of the detection reference axis "G" of the sensing
element 27 coincides with the direction perpendicular to
the longitudinal direction of the sensing element 27 on
the vertical plane including the traveling direction of the
vehicle "C", as shown in FIG. 3(c).
[0056] An internal circuit board 25 is disposed on the
inner side of the side plate 12 and fixed thereto. The
inner circuit board 25 has a recess in which the mounting
member 26 is received. The inner circuit board 25 is pro-
vided thereon with an internal circuit (not shown), which

is electrically connected to the sensing element 27 and
the connection terminals 13, so as to execute necessary
processing for detection of angular velocity applied to
the vehicle "C".
[0057] In such a structure, the sensing element 27 is
supported on the side plate 12 through the mounting
member 26 so as to incline in the opposite direction to
the traveling direction of the vehicle "C" by the angle "δ"
on the vertical plane including such a traveling direction,
as shown in FIGS. 3(a) to 3(c). The sensing element 27
does not incline relative to the vertical plane thereon,
which is perpendicular to the traveling direction of the
vehicle "C" (i.e., in the rightward or leftward direction in
FIG. 3(b)).
[0058] The angular velocity sensor 10 having the in-
ternal structure as described above is vertically fixed on
the base plate 20 of the apparatus, which is placed sta-
tionarily on the bottom of the casing 21 so as to be in
parallel therewith, as shown in FIG. 2(b). When the nav-
igation apparatus 1 including the casing 21 is mounted
in the central console 102, the rear side of the navigation
apparatus 1 is placed lower than the front side thereof
so that the navigation apparatus 1 in itself inclines on
the vertical plane including the traveling direction of the
vehicle "C". As a result, the angular velocity sensor 10
is placed in a turned state in the counterclockwise direc-
tion in FIG. 3(c) so that the difference in angle between
the detection reference axis "G" as shown in FIG. 3(c)
and the traveling direction of the vehicle "C" is minimized
by an angle "δ" as shown in FIG. 3(c).
[0059] When the detection of the angular velocity ap-
plied to the vehicle "C" is made through the angular ve-
locity sensor 10, a correction operation is carried out op-
tionally to correct a possible error due to the mounting
angle of the navigation apparatus 1, through an
processing circuit (not shown) included therein based
on the similar error correction program to the conven-
tional prior art. In this case, the sensing element 2 in-
clines by the predetermined angle "δ" to compensate the
mounting angle of the navigation apparatus 1, as shown
in FIG. 3(c), with the result that there actually suffices
execution of the processing operation for correcting only
the difference in angle between the inclination angle of
the navigation apparatus 1 mounted in the central con-
sole 102 relative to the horizontal direction (i.e., the
mounting angle of the navigation apparatus) and the
above-mentioned angle "δ".
[0060] Now, description will be given below of a way
of mounting the sensing element 27 on the mounting
member 26 with reference to FIGS. 3(d) and 3(e).
[0061] As shown in FIG. 3(e), the mounting member
26 has a slit 26a formed therein. The longitudinal direc-
tion of the slit 26a inclines in the opposite direction to
the traveling direction of the vehicle "C" by the above-
mentioned angle "δ". On the other hand, as shown in
FIG. 3(d), the sensing element 27 has a counter-slit 27a
formed at its end so as to extend in the longitudinal di-
rection. The extending direction of the slit 27a is perpen-
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dicular to the detection reference axis "G". The sensing
unit 27 is mounted on the mounting member 26 so that
the counter-slit 27a of the sensing element 27 engages
with the slit 26a of the mounting member 26, as shown
in FIGS. 3(a) and 3(c). The sensing element 27 and the
mounting member 26, which is kept in such an engaging
state, are fixed to each other through adhesive.
[0062] In the structure as described above of the an-
gular velocity sensor 10 of the first embodiment of the
present invention, the sensing element 27 is fixed in an
inclined state in the assembling step of the angular ve-
locity sensor 10 so that the above-mentioned difference
in angle is minimized, thus making it possible to detect
accurately the direction and amount of angular velocity.
[0063] In case where the detected results from the an-
gular velocity sensor 10 is subjected to an optional cor-
rection operation such as a processing operation to pro-
vide more accurate results, the range of possible error
to be corrected is remarkably expanded, since the
above-mentioned difference in angle is minimized in the
angular velocity sensor 10 in itself.
[0064] In addition, it is possible to amount the angular
velocity sensor 10 on the navigation apparatus 1 in the
same manner as the conventional measures or through
the conventional fitting elements during the manufac-
ture of the navigation apparatus 1, without taking into
consideration any measures to reduce the above-men-
tioned difference in angle. As a result, an effective use
of the limited space in the casing of the navigation ap-
paratus 1 can be ensured, the manufacturing cost can
be decreased and the yields can be improved.
[0065] The above-mentioned difference in angle is
minimized by connection of the mounting member 26,
which is placed between the sensing element 27 and
the side plate 12, with the sensing element 27, thus mak-
ing it possible to accurately detect the angular velocity
in a simple structure. In addition, with respect to the oth-
er structural components than the above, there can be
used the corresponding same components in the con-
ventional angular velocity sensor, thus making it possi-
ble to decrease the manufacturing cost and improve the
yields.
[0066] The sensing element 27 is placed in the spe-
cific position merely by inclining the slit 26a of the mount-
ing member 26 in the predetermined direction by the an-
gle "δ" so that the above-mentioned difference in angle
is minimized, thus reducing the manufacturing cost of
the angular velocity sensor 10.
[0067] The engagement of the counter-slit 27a of the
sensing element 27 with the slit 26a of the mounting
member 26 enables the sensing element 27 to be se-
cured to the mounting member 26, thus permitting man-
ufacture of the angular velocity sensor 10 in a simpler
manufacturing process.
[0068] The inclination direction and angle "δ" of the
sensing element 27 are predetermined so that the
above-mentioned difference in angle is minimized, tak-
ing into consideration the mounting angle, by which the

navigation apparatus 1 including the angular velocity
sensor 10 is mounted on the vehicle "C", thus enabling
the sensing element 27 in the navigation apparatus 1 to
detect accurately the direction and amount of angular
velocity. In addition, the angular velocity sensor 10 per
se has the structure in which the above-mentioned dif-
ference in angle is minimized, without need to provide
independently any mechanism for inclining the angular
velocity sensor 10 in itself. The above-mentioned struc-
ture has no influence on the effective use of the limited
space in the navigation apparatus 1, which is mountable
on the vehicle "C", thus permitting reduction in the man-
ufacturing cost of the navigation apparatus 1 and im-
provement in yields.

[II] SECOND EMBODIMENT

[0069] Now, description will be given of the second
embodiment of the present invention with reference to
FIGS. 4(a) to 5(c).
[0070] In the second embodiment, the present inven-
tion is applied to a capacitance accelerometer for de-
tecting acceleration applied to a vehicle, when increas-
ing or reducing velocity thereof, while, in the first em-
bodiment, the present invention is applied to the gyro-
sensor (i.e., the angular velocity sensor) utilizing the
tuning fork-type piezoelectric element.
[0071] The way of mounting the navigation apparatus
provided with the accelerometer of the second embod-
iment is the same as that of the navigation apparatus 1
of the first embodiment as shown in FIG. 1. The detailed
description thereof is omitted.
[0072] Now, description will be given below of the
structure of the accelerometer according to the second
embodiment, which is mounted on the navigation appa-
ratus, with reference to FIGS. 4(a) to 5(c).
[0073] As shown in FIG. 4(a), the accelerometer 30
according to the second embodiment has a rectangular
parallelepiped shape, which is defied by a casing 31.
The casing 31 is provided on its lower side with legs 32
by which the accelerometer 30 is secured on the base
plate 20 of the apparatus. The casing 31 has connection
terminals 33 formed thereon, which are connected to an
internal circuit enclosed in the casing 31. The above-
mentioned internal circuit is electrically connected
through the connection terminals 33 to the base plate
20 of the apparatus.
[0074] Now, description will be given below of a
mounting state of the accelerometer 30 on the naviga-
tion apparatus 1 of the second embodiment, with refer-
ence to FIGS. 4(b) and 4(c). FIG. 4(b) is a rear view of
the accelerometer 30 as mounted, viewed in a direction
"X" as shown in FIG. 4(a) and FIG. 4(c) is a side view
of the accelerometer as mounted, viewed in a direction
"Y" as shown in FIG. 4(a).
[0075] As shown in FIGS. 4(b) and 4(c), the acceler-
ometer 30 is vertically fixed, at its legs 32, on the base
plate 20 of the apparatus, which is secured parallelly on
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the bottom of the casing 21 of the navigation apparatus
of the second embodiment. The internal circuit of the
accelerometer 30 and the base plate 20 of the apparatus
are electrically connected to each other through the con-
nection terminals 33.
[0076] Now, the internal structure of the accelerome-
ter 30 will be described with reference to FIGS. 5(a) to
5(c). FIG. 5(a) is a perspective view illustrating the in-
ternal structure of the accelerometer 30 from which the
casing 31 is removed, FIG. 5(b) is a side view of the
accelerometer 30, viewed in a direction "X" as shown in
FIG. 5(a) and FIG. 5(c) is a rear view of the accelerom-
eter 30, viewed in a direction "Y" as shown in FIG. 5(a).
[0077] As shown in FIGS. 5(a) to 5(c), the sensing unit
50 for detecting the direction and amount of acceleration
actually applied to the vehicle "C" is secured on an in-
ternal circuit board 35 in the accelerometer 30. The con-
nection terminals 33 extend from the internal circuit
board 35.
[0078] The sensing unit 50 includes a pair of disc-
shaped guard electrodes 37, 38, a pair of disc-shaped
movable electrodes 41, 42 serving as detecting discs,
which are placed between the guard electrodes 37, 38,
a rectangular stationary electrode 36, which is placed
between the movable electrodes 41, 42, and a support-
ing shaft 39 passing through the central portion of each
of the guard electrodes 37, 38, the movable electrodes
41, 42 and the stationary electrode 36. The supporting
shaft 39 is secured at its one end on a base plate 43. A
nut 40 is fitted to the other end of the supporting shaft
39 and tighten so that the guard electrodes 37, 38, the
movable electrodes 41, 42 and the stationary electrode
36 are held between the base plate 43 and the nut 40
on the supporting shaft 39. The central axis of the sup-
porting shaft 39 coincides with the detection reference
axis "G" on the vertical plane including the traveling di-
rection of the vehicle "C", which is perpendicular to the
internal circuit board 35.
[0079] The inner circuit board 35 is provided thereon
with an internal circuit (not shown), which is electrically
connected to the sensing unit 50 and the connection ter-
minals 13, so as to execute necessary processing for
detection of acceleration applied to the vehicle "C".
[0080] In such a structure, the sensing unit 50 is sup-
ported on the inner circuit board 35 through the base
plate 43 so as to incline in the opposite direction to the
traveling direction of the vehicle "C" by the angle "δ" on
the vertical plane including such a traveling direction, as
shown in FIG. 5(b).
[0081] The accelerometer 30 having the internal
structure as described above is vertically fixed on the
base plate 20 of the apparatus, which is placed station-
arily on the bottom of the casing 21 so as to be in parallel
therewith, as shown in FIG. 4(b). When the navigation
apparatus 1 according to the second embodiment, in-
cluding the casing 21 is mounted in the central console
102, the rear side of the navigation apparatus 1 is placed
lower than the front side thereof so that the navigation

apparatus 1 in itself inclines on the vertical plane includ-
ing the traveling direction of the vehicle "C" in the same
manner as the thirst embodiment of the present inven-
tion. As a result, the accelerometer 30 is placed in a
turned state in the counterclockwise direction in FIG. 5
(b) so that the difference in angle between the detection
reference axis "G" as shown in FIG. 5(b) and the
traveling direction of the vehicle "C" is minimized by an
angle "δ" as shown in FIG. 5(b).
[0082] When the detection of the acceleration applied
to the vehicle "C" is made through the accelerometer
30, a correction operation is carried out optionally to cor-
rect a possible error due to the mounting angle of the
navigation apparatus 1, through an processing circuit
(not shown) included therein based on the similar error
correction program to the conventional prior art, in the
same manner as the first embodiment of the present in-
vention. In this case, the sensing unit 50 inclines by the
predetermined angle "δ" to compensate the mounting
angle of the navigation apparatus 1, as shown in FIG. 3
(c), with the result that there actually suffices execution
of the processing operation for correcting only the dif-
ference in angle between the inclination angle of the
navigation apparatus 1 mounted in the central console
102 relative to the horizontal direction (i.e., the mounting
angle of the navigation apparatus) and the above-men-
tioned angle "δ".
[0083] In the structure as described above of the ac-
celerometer 30 of the first embodiment of the present
invention, the sensing unit 50 is fixed in an inclined state
in the assembling step of the accelerometer 30 so that
the above-mentioned difference in angle is minimized,
thus making it possible to detect accurately the direction
and amount of acceleration.
[0084] In case where the detected results from the ac-
celerometer 30 is subjected to an optional correction op-
eration such as a processing operation to provide more
accurate results, the range of possible error to be cor-
rected is remarkably expanded, since the above-men-
tioned difference in angle is minimized in the acceler-
ometer 30 in itself.
[0085] In addition, it is possible to amount the accel-
erometer 30 on the navigation apparatus 1 in the same
manner as the conventional measures or through the
conventional fitting elements during the manufacture of
the navigation apparatus 1 of the second embodiment
of the present invention, without taking into considera-
tion any measures to reduce the above-mentioned dif-
ference in angle. As a result, an effective use of the lim-
ited space in the casing of the navigation apparatus 1
can be ensured, the manufacturing cost can be de-
creased and the yields can be improved.
[0086] Further, the structure that the supporting shaft
39 of the sensing unit 50 inclines makes it possible to
detect accurately physical quantity in a simpler struc-
ture, decrease the manufacturing cost and improve the
yields, even when the capacitance sensing unit 50 sup-
ported on the supporting shaft 38 is used.
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[0087] The inclination direction and angle "δ" of the
sensing unit 50 are predetermined so that the above-
mentioned difference in angle is minimized, taking into
consideration the mounting angle, by which the naviga-
tion apparatus 1 including the accelerometer 30 is
mounted on the vehicle "C", thus enabling the sensing
unit 50 in the navigation apparatus 1 to detect accurately
the direction and amount of acceleration. In addition, the
accelerometer 30 per se has the structure in which the
above-mentioned difference in angle is minimized, with-
out need to provide independently any mechanism for
inclining the accelerometer 30 in itself. The above-men-
tioned structure has no influence on the effective use of
the limited space in the navigation apparatus 1, which
is mountable on the vehicle "C", thus permitting reduc-
tion in the manufacturing cost of the navigation appara-
tus 1 and improvement in yields.

[III] THIRD EMBODIMENT

[0088] Now, description will be given of the third em-
bodiment of the present invention with reference to
FIGS. 6(a) to 7.
[0089] In the third embodiment, the present invention
is applied to a chip sensor, which includes an IC (Inte-
grated Circuit) accelerometer and is integrated in itself
through a bulk-micro machining technique, while in the
first embodiment, the present invention is applied to the
gyro-sensor (i.e., the angular velocity sensor) utilizing
the tuning fork-type piezoelectric element, and in the
second embodiment, the present invention is applied to
a capacitance accelerometer for detecting acceleration
applied to a vehicle, when increasing or reducing veloc-
ity thereof.
[0090] The way of mounting the navigation apparatus
provided with the chip sensor of the third embodiment
is the same as that of the navigation apparatus 1 of the
first embodiment as shown in FIG. 1. The detailed de-
scription thereof is omitted.
[0091] Now, description will be given below of the
structure of the chip sensor according to the third em-
bodiment, which is mounted on the navigation appara-
tus, with reference to FIGS. 6(a) to 6(c).
FIG. 6(a) is a perspective view illustrating the chip sen-
sor serving as the sensing unit used in the third embod-
iment of the present invention, FIG. 6(b) is a side view
of the chip sensor, viewed in a direction "X" as shown
in FIG. 6(a) and FIG. 6(c) is a rear view of the chip sen-
sor, viewed in a direction "Y" as shown in FIG. 6(a).
[0092] As shown in FIG. 6(a), the chip sensor 60 ac-
cording to the third embodiment of the present invention
has a typical shape known as the IC chip. The chip sen-
sor 60 includes a main body 55 formed of synthetic resin
and a plurality of connection terminals 56 embedded
therein. The chip sensor 60 includes a sensing element
57 embedded therein, which is turned around an axis
"J" perpendicular to the surface 55A of the main body
55 as shown in FIG. 6(a). The internal circuit including

the above-mentioned sensing element 57 is electrically
connected through the connection terminals 56 to the
base plate 20 of the apparatus.
[0093] Now, description will be given below of a
mounting state of the chip sensor 60 on the navigation
apparatus 1 of the third embodiment, with reference to
FIGS. 6(b) and 6(c).
[0094] As shown in FIG. 6(b) and 6(c), a sub-circuit
board 61 is vertically fixed through the connection ter-
minal 62 to the bottom of the casing 21 of the navigation
apparatus according to the third embodiment of the
present invention. The chip sensor 60 is fixed on the
above-mentioned sub-circuit board 61 so that the main
surface of the sub-circuit board 61 and the surface 55A
of the main body 55 are in parallel with each other. The
internal circuit of the chip sensor 60 including the sens-
ing element 57 and the base plate 20 of the apparatus
are electrically connected to each other through the
above-mentioned connection terminals 56, 62 and the
sub-circuit board 61. The surface of the sub-circuit
board 61, on which the chip sensor 60 is fixed, is in par-
allel with the traveling direction of the vehicle "C".
[0095] The sub-circuit board 61 is provided thereon
with an internal circuit (not shown), which is electrically
connected to the chip sensor 60, so as to execute nec-
essary processing for detection of acceleration applied
to the vehicle "C".
[0096] Now, the internal structure of the chip sensor
60 will be described.
[0097] As shown in FIGS. 6(a) and 6(b), the IC ship-
shaped sensing element 57 is embedded in the chip
sensor 60. The sensing element 57 is turned around the
above-mentioned axis "J" so that the detection refer-
ence axis "G" of the sensing element 57 inclines by an
angle "δ" relative to the traveling direction of the vehicle
"C" in the clockwise direction in FIG. 6(b).
[0098] The chip sensor 60 having the internal struc-
ture as described above is fixed on the surface of the
sub-circuit board 61 that is perpendicular to the base
plate 20 of the apparatus, which is placed stationarily
on the bottom of the casing 21 so as to be in parallel
therewith, as shown in FIGS. 6(b) and 6(c). When the
navigation apparatus 1 according to the third embodi-
ment, including the casing 21 is mounted in the central
console 102, the rear side of the navigation apparatus
1 is placed lower than the front side thereof so that the
navigation apparatus 1 in itself inclines on the vertical
plane including the traveling direction of the vehicle "C"
in the same manner as the thirst embodiment of the
present invention. As a result, the chip sensor 60 is
placed in a turned state in the counterclockwise direc-
tion in FIG. 6(b) so that the difference in angle between
the detection reference axis "G" as shown in FIG. 6(b)
and the traveling direction of the vehicle "C" is minimized
by an angle "δ" as shown in FIG. 6(b).
[0099] When the detection of the acceleration applied
to the vehicle "C" is made through the chip sensor 60,
a correction operation is carried out optionally to correct
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a possible error due to the mounting angle of the navi-
gation apparatus 1, through an processing circuit (not
shown) included therein based on the similar error cor-
rection program to the conventional prior art, in the same
manner as the first embodiment of the present invention.
In this case, the sensing element 57 inclines by the pre-
determined angle "δ" to compensate the mounting angle
of the navigation apparatus 1, as shown in FIG. 6(b),
with the result that there actually suffices execution of
the processing operation for correcting only the differ-
ence in angle between the inclination angle of the nav-
igation apparatus 1 mounted in the central console 102
relative to the horizontal direction (i.e., the mounting an-
gle of the navigation apparatus) and the above-men-
tioned angle "δ".
[0100] In the structure as described above of the chip
sensor 60 of the third embodiment of the present inven-
tion, the sensing element 57 is placed in an inclined
state in the process of embedding the sensing element
57 into the main body 55 so that the above-mentioned
difference in angle is minimized, thus making it possible
to detect accurately the direction and amount of accel-
eration.
[0101] In case where the detected results from the
chip sensor 60 is subjected to an optional correction op-
eration such as a processing operation to provide more
accurate results, the range of possible error to be cor-
rected is remarkably expanded, since the above-men-
tioned difference in angle is minimized in the chip sensor
60 in itself.
[0102] In addition, it is possible to amount the chip
sensor 60 on the navigation apparatus 1 in the same
manner as the conventional measures or through the
conventional fitting elements during the manufacture of
the navigation apparatus 1 of the third embodiment of
the present invention, without taking into consideration
any measures to reduce the above-mentioned differ-
ence in angle. As a result, an effective use of the limited
space in the casing of the navigation apparatus 1 can
be ensured, the manufacturing cost can be decreased
and the yields can be improved.
[0103] The inclination direction and angle "δ" of the
sensing element 57 are predetermined so that the
above-mentioned difference in angle is minimized, tak-
ing into consideration the mounting angle, by which the
navigation apparatus 1 including the chip sensor 60 is
mounted on the vehicle "C", thus enabling the chip sen-
sor 60 in the navigation apparatus 1 to detect accurately
the direction and amount of acceleration. In addition, the
chip sensor 60 per se has the structure in which the
above-mentioned difference in angle is minimized, with-
out need to provide independently any mechanism for
inclining the chip sensor 60 in itself. The above-men-
tioned structure has no influence on the effective use of
the limited space in the navigation apparatus 1, which
is mountable on the vehicle "C", thus permitting reduc-
tion in the manufacturing cost of the navigation appara-
tus 1 and improvement in yields.

[0104] In the above-described third embodiment of
the present invention, the sensing element 57 inclines
relative to the main body 55. In the modification of the
third embodiment, it may be adopted a structure that the
detection reference axis "G" in itself is inclined in the
process of manufacturing the IC chip serving as the
sensing element 65 as shown in FIG. 7, without inclining
the sensing element 65 in itself embedded in the main
body of the chip sensor relative thereto. Such a modifi-
cation provides the same effects as the third embodi-
ment.
[0105] The above-mentioned modification in which a
capacitance detecting type accelerometer is used as the
sensing element 65 will be described in detail below with
reference to FIG. 7.
[0106] In the above-described chip sensor 60 of the
third embodiment of the present invention, the central
axis of the sensing element 65 (i.e., of the three direc-
tional central axes, the central axis, which approximates
to the horizontal direction and be in parallel with the sur-
face of the sub-circuit board 61) is placed in parallel with
the detection reference axis "G". Alternatively, the de-
tection reference axis "G" in itself is inclined by the
above-mentioned angle "δ" relative to the main body of
the sensing element 65 in the capacitance detecting
type accelerometer 65, which includes a movable mem-
ber 70 connected to an external terminal 71, and capac-
itance detecting members 66, 68 and 72 connected to
external terminals 67, 69 and 73, respectively, as shown
in FIG. 7.
[0107] The above-described sensing element 65 is
embedded in the main body of the chip sensor, without
inclining the sensing element 65 around the axis "J" as
shown in FIG. 6(a). The chip sensor in which such the
sensing element 65 is embedded, is fixed on the sub-
circuit board 61 as shown in FIGS. 6(b) and 6(c), thus
providing the same effects as those in the above-de-
scribed third embodiment of the present invention.
[0108] In the embodiments and modification as de-
scribed above, the inclination angle "δ" is set, taking into
consideration the advantages of the correction process-
ing based on the appropriate program. Alternatively, in
case where there is achieved no correction operation
utilizing a processing treatment and the mounting angle
of the navigation apparatus is previously obtained, the
mounting angle may be completely compensated by the
angle "δ" in the embodiments and modification as de-
scribed above.
[0109] In the embodiments and modification as de-
scribed above, the direction and amount of physical
quantity such as acceleration is detected when the ve-
hicle "C" drives forward. It is also possible to apply the
present invention to an accurate detection of the phys-
ical quantity such as acceleration when reversing the
vehicle "C".
[0110] In the embodiments and modification as de-
scribed above, the acceleration and the like are exem-
plified as the physical quantity having the direction. The
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present invention may be applied to a direct detection
of velocity of the vehicle.
[0111] According to the first aspect of the present in-
vention as described in detail, securing the sensing unit
on the supporting unit so that the above-mentioned dif-
ference in angle is minimized makes it possible to ac-
curately detect the amount and direction of the physical
quantity.
[0112] In case where the detected results from the
sensing apparatus is subjected to an optional correction
operation such as a processing operation to provide
more accurate results, the range of possible error to be
corrected is remarkably expanded, since the above-
mentioned difference in angle is minimized in the sens-
ing apparatus in itself.
[0113] In addition, it is possible to amount the sensing
apparatus on an electronic equipment in the same man-
ner as the conventional measures or through the con-
ventional fitting elements during the manufacture of
such an electronic equipment, without taking into con-
sideration any measures to reduce the above-men-
tioned difference in angle. As a result, an effective use
of the limited space in the casing of the electronic equip-
ment can be ensured, the manufacturing cost can be
decreased and the yields can be improved.
[0114] According to the second aspect of the present
invention, the above-mentioned difference in angle is
minimized by connection of the mounting member,
which is placed between the sensing unit and the base
member, with the sensing unit, thus making it possible
to accurately detect the physical quantity in a simple
structure. In addition, with respect to the other structural
components than the above, there can be used the cor-
responding same components in the conventional sens-
ing apparatus, thus making it possible to decrease the
manufacturing cost and improve the yields.
[0115] According to the third aspect of the present in-
vention, merely forming the slit in the mounting member
so as to incline to the predetermined direction, by which
the above-mentioned difference in angle can be mini-
mized, makes it possible to support the sensing unit on
the mounting member in an appropriate manner, thus
reducing the manufacturing cost of the sensing appara-
tus.
[0116] The structure in which the counter-slit of the
sensing unit engages with the slit of the mounting mem-
ber ensures an appropriate mounting state of the sens-
ing unit on the mounting member, thus making it possi-
ble to manufacture the sensing apparatus in simple
manufacturing processes.
[0117] According to the fourth aspect of the present
invention, the sensing unit includes the supporting shaft,
which is inclined so that the above-mentioned difference
in angle is minimized. It is therefore possible to accu-
rately detect physical quantity in a simple structure,
even when the sensing unit further includes the detec-
tion discs supported on the supporting shaft, thus per-
mitting reduction in the manufacturing cost and improve-

ment in yields.
[0118] According to the fifth aspect of the present in-
vention, the structure in which said detection discs com-
prises a stationary electrode, which is stationarily sup-
ported on said supporting shaft and a pair of movable
electrodes, which are supported on said supporting
shaft on opposite sides of said stationary electrode so
as to be movable in a direction of said supporting shaft
provides an accurate detection of physical quantity in a
simple manner, thus permitting reduction in the manu-
facturing cost and improvement in yields.
[0119] According to the sixth aspect of the present in-
vention, the sensing unit is inclined so that the above-
mentioned difference in angle is minimized, taking into
consideration a mounting angle, by which the electronic
equipment including the sensing unit is mounted on the
movable body, thus enabling the sensing unit in the elec-
tronic equipment to detect accurately the direction and
amount of physical quantity. In addition, the sensing ap-
paratus per se has a structure in which the above-men-
tioned difference in angle is minimized, without need to
provide independently any mechanism for inclining the
sensing apparatus in itself. The above-mentioned struc-
ture has no influence on the effective use of the limited
space in the electronic equipment, which is mountable
on the movable body, thus permitting reduction in the
manufacturing cost of the electronic equipment and im-
provement in yields.

Claims

1. A sensing apparatus comprising:

a sensing unit (27, 50, 57) for detecting a direc-
tion and an amount of physical quantity applied
thereto, said sensing unit (27, 50, 57) having a
detection reference axis (G) along which the di-
rection and the amount of the physical quantity
are detected; and
a supporting unit (26, 43, 61) for stationarily
supporting said sensing unit (27, 50, 57);

characterized in that:

said sensing unit (27, 50, 57) is inclined relative
to said supporting unit (26, 43, 61) by an angle,
said angle being predetermined so that a differ-
ence in angle between said detection reference
axis (G) and the direction of said physical quan-
tity actually applied to said sensing unit (27, 50,
57) when detecting the direction and the
amount of said physical quantity is minimized.

2. The sensing apparatus as claimed in Claim 1,
wherein:

said supporting unit comprises a base member
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(12) and a mounting member (26) secured to
said base member (12); and
said sensing unit (27) is mounted on said
mounting member (26).

3. The sensing apparatus as claimed in Claim 2,
wherein:

said mounting member (26) has a slit (26a)
formed therein;
said sensing unit (27) has a counter-slit (27a)
formed therein; and
said sensing unit (27) is mounted on said
mounting member (26) so that said counter-slit
(27a) of said sensing unit (27) engages with
said slit (26a) of said mounting member (26).

4. The sensing apparatus as claimed in Claim 1,
wherein:

said sensing unit (50) comprises a plurality of
detection discs (41, 42) disposed in parallel
with each other and a supporting shaft (40)
passing through a center of each of said detec-
tion discs (41, 42) to support said detection
discs (41, 42) thereon, said supporting shaft
(40) serving as said detection reference axis
(G); and
said supporting shaft (40) is secured to said
supporting unit (43).

5. The sensing apparatus as claimed in Claim 4,
wherein:

said detection discs comprises a stationary
electrode (36), which is stationarily supported
on said supporting shaft (40) and a pair of mov-
able electrodes (41, 42), which are supported
on said supporting shaft (40) on opposite sides
of said stationary electrode (36) so as to be
movable in a direction of said supporting shaft
(40).

6. An electronic equipment to be mounted on a mov-
able body, comprising:

a main body; and
a sensing apparatus provided in said main
body, said sensing apparatus comprising (i) a
sensing unit (27, 50, 57) for detecting a direc-
tion and an amount of physical quantity applied
thereto, said sensing unit (27, 50, 57) having a
detection reference axis (G) along which the di-
rection and the amount of the physical quantity
are detected; and (ii) a supporting unit (26, 43,
61) for stationarily supporting said sensing unit
(27, 50, 57);

characterized in that:

said sensing unit (27, 50, 57) is inclined relative
to said supporting unit (26, 43, 61) by an angle,
said angle being predetermined so that a differ-
ence in angle between said detection reference
axis (G) and the direction of said physical quan-
tity actually applied to said sensing unit (27, 50,
57) when detecting the direction and the
amount of said physical quantity is minimized.

7. The electronic equipment as claimed in Claim 6,
wherein:

said supporting unit comprises a base member
(12) and a mounting member (26) secured to
said base member (12); and
said sensing unit (27) is mounted on said
mounting member (26).

8. The electronic equipment as claimed in Claim 7,
wherein:

said mounting member (26) has a slit (26a)
formed therein;
said sensing unit (27) has a counter-slit (27)
formed therein; and
said sensing unit (27) is mounted on said
mounting member (26) so that said counter-slit
(27a) of said sensing unit (27) engages with
said slit (26a) of said mounting member (26).

9. The electronic equipment as claimed in Claim 6,
wherein:

said sensing unit (50) comprises a plurality of
detection discs (41, 42) disposed in parallel
with each other and a supporting shaft (40)
passing through a center of each of said detec-
tion discs (41, 42) to support said detection
discs (41, 42) thereon, said supporting shaft
(40) serving as said detection reference axis
(G); and
said supporting shaft (40) is secured to said
supporting unit (43).

10. The electronic equipment as claimed in Claim 9,
wherein:

said detection discs comprises a stationary
electrode (36), which is stationarily supported
on said supporting shaft (40) and a pair of mov-
able electrodes (41, 42), which are supported
on said supporting shaft (40) on opposite sides
of said stationary electrode (36) so as to be
movable in a direction of said supporting shaft
(40).
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